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D scription 



. Background And Field Of The Invention 

s as "HA-VwWrn'h-^ 1 ^ 9 . 8 *° T™* mole . cular wei 9 ht Actions of hyaluronic acid (hereinafter referred to 
HA f^ti„n« nf th ! the : a P eut,c applications and which are non-inflammatory when utilized. One of the 
ntrlo "Lr ,nven V°n 's useful for facilitating wound healing, while the second HA fraction is useful 
h k USe t0 ^ bst,tute for endobulbar fluids or for intraarticular injection for use in treating 
druoforoSn T' T?- haVe bee " f ° Und tG be USeful « "hid., to O^halmiC 

»o oph^aK d^gs m S COmpa,ible with the corneal epithelium and enhancing the activity of 

nniMr V !;r)!o 0niC !!| Cid i S v a n8tu , ra "V occurring heteropolysaccharide consisting of alternating residues of 
W? i« *Z ? « C ! ^ N - acet y'- D -9 |u «=°samine. HA is a linear polymer of high molecular weight, generally 
™n J? • 13 million, and has been found in cell coats, the extracellular ground sutetance of 

,s uma „ l r SU , eS of vertebrates, in the synovial fluid in joints, in the endobulbar fluids of the eye. in 

is human umbilical cord tissue, and in rooster combs. 

anri EESE 1 ,? i 1 1 v ^S flat,0 ?f on the use of HA are included in the work of Balazs, U.S. Patents Nos. 4303676 
SStSnV^H- U S h Pa , tent No - f 03676 Ascribes the use of certain viscoelastic compositions incorporating 
200 SS ^? « ToS r ° n l te / raCtl0n !* ,hS firSt SUCh fr3Ction havi "9 3 m °'ecular weight of about 10.000 to 
2S^™. a s f c ° nd such fraction having a molecular weight of about 10,000 to 200.000. U.S. Patent 
„ . ,s d'^ed to a fraction of HA useful for replacing endobulbar fluids, as well as other therapeutic 
Shf ; »If Pat ! m ' h ° wever ' is specifically directed to an HA fraction having an average molecular 
toa tTaSZTJ hTk b ° Ut 75 °' 000 3nd P referab| V ^ster than about 1.200,000. Balazs specifically teaches 
hLr«„« J° « 3Vm9 a " avera 9 e molecular weight of less than 750,000 are not therapeutically useful 
because of their inflammatory activity. These lower molecular weight fractions of HA are discarded by 
th-^' However ' th,s re f u,ts in discarding about 90% of the total amount of available HA obtainable from 
the source tissues, resulting m a use of only a small amount (about 10%) of the available HA. 

subst a e nt^L°W^T' menti0n ! d u Ba,aZS U " S - patents describes hyaluronic acid fractions which are 
suDstantially free of hyaluronic acid having a molecular weight of less than 30 000 

fraction? rfH? HoV^hT ° f Dresent a PP ,icant nas discovered that lower molecular weight 

atout M^^hl «S? 3V K e i U , SefU ' P narmaceuti "l activity: Thus, according to the present invention, 
nf^ t < obtainable from various sources is utilized. In particular, the present applicant has 
which ^ on . 8 l , « , «'?" of HA which is useful for stimulating wound healing, and a second fraction of HA 
which is useful for intraocular injections to substitute for the endobulbar liquids in the eye and for 
intraarticular injections as a treatment for damaged joints. 

Brief Description Of The Drawing 
presrr?t U in e vento a rr aPh Sh ° W ' n9 the different fractions of hyaluronic acid which have been identified by the 
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40 Detailed Description Of The Invention 

dir^rtL T\ pre Y ious instigations of HA. as exemplified by the Balazs patent, have been 

~ *° ut,l,2m 9 high molecular weight fractions with an average molecular weight of greater than 
750 000 The present applicant has isolated and characterized two new fractions of HA. one having a low 
to h! « flt^tfii an0t u 6 ' havin ? 3 medium ran 9ed average molecular weight, which are considered 

45 n»t f t stant,alh / P ure as the V are of a high degree of purity and do not have inflammatory activity. These 
new fractions of HA can be obtained from various connective tissues which contain extractable amounts of 

motcTa^^^^ ° f inVemi ° n are diff6ren tiated and se P arated accordi "9 * < h ° 

The first fraction isolated by the applicant has been named HYALASTINE, and has an average 
so molecular weight of from about 50,000 to about 100,000. This HYALASTINE fraction has been determined 
to be suitable for therapeutic, veterinary and human use because of its wound healing activity. The second 
k f e£?i5!? d bv ! he a PP |,cant "as been labeled HYALECTIN, and has an average molecular weight of 
« b h U tt 5 ,°°V 000 Vk 0 ,? 7 ?°' 000 - ThiS HYALE CTIN fraction is suitable for use in ocular surged as a 
substitute for endobulbar liquids and for veterinary and human therapy in traumatic and degenerative 
55 diseases of the joints. " 

HYALASTINE can be administered either as an intradermal injection or it can be applied as a topical 
agent for wound healing. HYALECTIN, on the other hand, is suitable for intraocular and intraarticular 
injection. 

The present applicant has made intensive studies on the various fractions of HA and, in a significantly 
eo more precise way than previously accomplished, has specifically det rmined the therapeutically useful 
tractions of HA and the inflammat ry and non-useful fractions of HA. As a r suit of these studies the 
present applicant has identified and investigated two specific characteristics of HA fractions, namely cell 
mobi izati n activity and intrinsic vise sity. The wound healing process in animals is facilitated by cellular 
mobilization, and particularly the mobilization of fibroblasts. On the other hand, cellular mobilization or 
6S proliferation activity (i.e., myt sis) is to be avoided in cases of surgery inside the ocular globe. This is 
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h^m^aKte ° perati ° ns 10 correct retinal de «achment where an increased rate of heating may cause 

f« Jlf '" tr '" sic A v ] sco ? it Y if also an important parameter to be considered in determining the utility of a 
H?««2c tK ^ aCt i° n haVmQ 3 hi9h intrinsic viscosity is useful for surgical uses, in the therapy of 
Zl I J the joints of a traumatic and degenerative nature, and for replacing endobulbar liquids. On the 
1" '■ 9 , v ' scos i t V ,s an undesirable characteristic for fractions to be utilized as drugs for facilitating 
wound healing. In fact, fractions to be utilized in wound healing should have low viscosity so as to be more 
easily used in practical application. 

m „J l he . HYALAS T.' NE £ action identified by the present applicant has been determined to have good 
mobilization or cell proliferation activity, and low viscosity characteristics. Accordingly, HYALASTINE has 
the characteristics desirable for a material useful in promoting wound healing 

The same characteristics make the HYALASTINE fraction undesirable for use in intraocular or 
intraarticular injection treatments. 

Jr e ." YALEC ™ fra ction identified by the applicant has been determined to have negligible cell 

Lrt ml^° uvii'c^K^'^' WhMe at the same time navin 9 hi 9" viscosity. These characteristics, 
on thl ot'hT^! h uvaM™ fraCt '° n USefl " f ° r intraocular and intraarticular injection treatments. But, 
^hlhft ? n i", ' HYALECT . ,N ,s not useful for wound nealing treatments since this fraction does not 
exhibit cell mobilization activity. 

In isolating useful fractions of hyaluronic acid, it is also important to obtain those fractions which do 
not have inflammatory activity. The Balazs patent noted above teaches that in order to obtain hyaluronic 
7M nnn u W °, Ut inflammatory activity, fractions having an average molecular weight of more than 
750 000 must be utilized exclusively. Thus, Balazs discards the fractions having less than 750.000 average 
molecular weight as being non-useful because of inflammatory activity. Contrary to the teachings of 
baiazs, the present applicant has found that the inflammatory activity attributed by Balazs to fractions 
having an average molecular weight of less than 750.000 is actually due to impurities having an average 

Zr I C "5 r We t ' 9h \ ° f ,'? SS than 30 ' 00a Thus ' the present invention provides a method which comprises a 
series of molecular filtration techniques associated with chemical methods by which the inflammatory 
Traction having a molecular weight of less than 30.000 can be eliminated. 

By the methods of the invention, it is possible to obtain useful fractions of hyaluronic acid having no 
inflammatory activity which, when considered together, constitute a total yield of about 80% of the total 
Hyaluronic acid available from the particular starting materials. This 80% yield of the available hyaluronic 
acid comprises a combined fraction which is a combination of the HYALECTIN and HYALASTINE fractions 
a 4VA W cA^M 35 a " avera ?_ e molecular weight of from about 250,000 to about 350,000. More specifically, the 
I ^7 fraction is obtained in a yield of about 30% of the available HA and the HYALASTINE fraction is 
obtained in a yield of about 50% of the available HA from the starting tissues. This factor is an important 
improvement over the process of the Balazs patent discussed above in that the present inventors have 
discovered that significantly increased amounts of the available hyaluronic acid are pharmaceutically 
useful. By utilizing only the fraction having an average molecular weight of greater than 750,000, the Balazs 
process obtained a yield of only about 10% of the original hyaluronic acid available from animal organs, 
and discards about 90% of the available hyaluronic acid. Thus, according to the present invention the 
usefulness of the total hyaluronic extract has been greatly increased. 

A comparison of the relative yields of the extraction of various fractions of hyaluronic acid is presented 
below in Table 1. 



Type of Hyaluronic 
Acid 



TABLE 1 

g per 100 g 
of fresh tissue 



Reference 



50 



55 



60 



65 



Total hyaluronic 
acid from rooster 
combs 

HA (Balazs type) 



HYALECTIN + HYALASTINE 

HYALECTIN 

HYALASTINE 



Inflammatory 
fraction 



0.8 

0.08 

0.6 
0.2 
0.4 
0.16 



100 Swann D.A. 1968, 
Biochim, Biophys. 
Acta 156 , 17-29 

10 U.S. Patent 
4,141,973 

80 present invention 

30 present invention 

50 present invention 

20 present invention 
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«iid^\a^c?sSri h i" z::t:Tr^T ns which , the present app,ican < 

from a starting tissue. A?ea "B"1n Z^ rL^ Jn^ZT, d,stribution of th * HA fractions available 
4.141.973 as being pharmaceutic^ Useful aTS">? I InnT I"' 0 " by Ba,32S in US ' Patent 

presnt applicant, area A being Se inflfrLat™ frirtin ^ 1 arethefra «ions identified by the 

30,000; area I being the HYALASTINE fraZTr f n u 8 mg a " avera 9 e molecular weight less than 

can be seen that the Ba^ ^meS dtoS *;ir3?iSrl th ? HYAL *F T,N fraction - F ™ .this graph, it 
the HA fractions having an average molecular wilht XV ^ « v «"able extractable HA by eliminating 
other hand, permits thi pharmaSiS use of 17.™! n n V ^ I 50 ' 000 " The present '"vention. on thi 
weight hyaluronic acid frac,™ ^ havino an ave n ^ £°. P T" ° ,av ""«°'« "A since the low molecular 

inf,a ThT a D re a t ctivit r which p?evious ^sssissr causes the 

thera^^^ 

particular therapeutic appSion Wh^MmSt^™"? °n inVenti ° n de P e "d'"9 "P°n the 
the available HA, the present inven^on nlrmT,J thi P < s P ec,f, c a "V teaches the use of only about 10% of 

of the HYALASTWIE fraSon fcT^SKSS annli^I 8 ° t °l *' HA either in th « tom 

intraocular and intraarticular apSatioSl ■ ?Kl V' *" th !- f ° rm ° f ,he HYAL ECTIN fraction for 
fraction which can also be ^£^1 °h^C.^oi Mmb,n-d HYALAST,NE and ^ALECT.N 

p-ent%tT^ 

Methods Of Preparation 

active 01 * 0btaini " 9 3 miXtUre ° f HYAI^SSVnd HYALECT.N fractions without inflammatory 

hJSinZSZ a" ^l^| 0 h; l ^J^ , ?L fl, • are ™ cad in a ™ al mi "<"' a ^ then carefu.ly 
container or in glaTsSa^ " p,a ? d ' ,n a " A,S ' 316 Stain,ess stea ' 

for 6 hours at a speed of 50 a?mim tP h S anhydrous acetone. The entire content is then agitated 
off and discarded. «""»»«■ -no ,en to separate for 12 hours, after which the acetone is syphoned 

(K.ri«2^^[° eaBi iS rep6ated Until the discarded a «tone has reached the correct humidity level 

With^^ « a suitable temperature for 5-8 hours. 

300 o of tho Hn, r • 500—600 g of dry powder is obtained from the hen crests. 

through a ZS^^S medTum S^ai^'i'ET^ I 8 "" 0 " ^ W " h Pap3i " ( ° 2 »» 
cysteine hydrochloride tk! J?Jr phosphate buffer in the presence of a suitable quantity of 

of 50-65'C Th " * Ur ? ,S the " ag,tated for 24 hours at 60 g/minute at a constant temperaTure 

aadS^a. hour " C °° ,ed *° 25 ° C adding 60 9 ° f CeUte ° and the «*«"*>" is SSSSS^Z 
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mnJ^Lr!?it!lifnLT iXtU K e iS fMtere < d until a clear liquid is obtained. This clear liquid then undergoes 
momh~J "S* ° n b / mea r S ° f membra "es with a molecular exclusion limit of 30,000 to retain on the 
uStTed and T. h^i eS W '\ h 3 m ° ec " lar weiaht of greater than 30,000. Five to six original volumes are 
tl^Z^tll^T Tt' St '^ ed W3ter is continua,| V added t° the Product The addition of 
volume. suspended and the product is ultrafiltered until it is reduced to one-third of its original 

~ TI J e r ! S | dUe ^ QUid is :f ndered °- 1M °V a dding sodium chloride and the temperature is brought to 50°C. 

tlLtnT S( r T Ch i° ride iS added Whi,e the Droduct is bein 9 a 9itated at 60 g/minute. Thi?mi«ure is 

£%^ r *£!!%«£* r Wh,Ch 50 , 9 ° f CeMte * iS addGd - Und6r a9itati0n ,he ^P^ature of the product 
' S ™ d to 25 C and the Precipitate formed is collected by means of centrifugation. The precipitate thus 

rWnriH. '.t SUSpe " ded ' n a °-° 1M soluti °n of sodium chloride (5 liters) containing 0.05% cetylpyridinium 
chlor.de It .s agitated for a further 60 minutes at SO'C. The temperature is lowered to 25X and the 

precipitate centntuged. 

hoi^-T^'" 9 * P «°^ iS f hen reDeated three times and the precipitate finally gathered into containers 
? f 8 ° ? 5i y i S °' utlon of sodium chloride containing 0.05% of cetylpyridinium chloride. This is 
agitated at 60 g/mmute for 60 minutes and maintained at a constant temperature of 25 8 C for a period of 2 
hours. The supernatant is eliminated by means of centrifugation. 

^nZ he S r ° CedUr !. iS tf i US 2 L peated several times with a °- 1 M sodium chloride solution containing 0.05% of 
hT^L Vndl " ,lJm n C on»I 6 J he mixture is centrifuged and the supernatant discarded. The precipitate is 
m?£?.ri •? ° 3° M sodium chloride solution containing 0.05% of cetylpyridinium chloride (3 I). The 
b t th the DreciDitate and toe clear liquid are gathered. Extraction is repeated on the 
precipitate an additional 3 times, each time using 0.5 liters of the same aqueous solution. 

t em np?f Mro t «?tK eS ' dUe J P ' eC - Pitate is aliminated a " d toe clear liquids united in a single container. The 
loHinrl m I i qU i ,S ,ncreased to 50 ° C whila agitating. The liquid is then brought to 0.23M with 
9 , c 0 0 f n c ? tvlD y ridinium chloride is added and agitation maintained for 12 hours. The 
mixture is cooled to 25°C then filtered, first through Celite® packs and then through a filter (1 u>. 

The resultant mixture then undergoes a further molecular ultrafiltration through membranes with a 
molecular exclusion I, mrt of 30,000, ultrafiltering 3 original volumes with the addition of a 0.33M sodium 
chloride solution. The addition of the sodium chloride solution is suspended and the volume of the liquid 
reduced to a quarter of its original volume. 

:J!l e solut i on thus concentrated is precipitated under agitation (60 g/minute) at a temperature of 25°C 
w.th three volumes of ethanol (95%). The precipitate is collected by centrifugation and the supernatant 
discarded. The precipitate is dissolved in 1 liter of 0.1 M sodium chloride solution and the precipitation 
procedure is repeated with three volumes of 95% ethanol. 

oth Jof .P recip jt ate ( is gathered and washed, first with 75% ethanol (three times), then with absolute 
ethanol (three times) and thirdly with absolute acetone (three times). 

from T 250 P 000to 350 000 t3ined (HYALASTINE + HY ALECTIN fraction) has an average molecular weight of 
The hyaluronic acid yield is equal to 0.6% of the original fresh tissue. 

Example 2 

Method for obtaining the HYALASTINE fraction from the mixture obtained by the method described in 
example 1 : 

The mixture obtained by the method described in Example 1 is dissolved in pyrogen free distilled water 
45 in proportions of 10 mg of product in 1 ml in water. The solution thus obtained undergoes molecular 
uitratilitration through membranes with a molecular exclusion limit of 200,000 with a concentration 
technique and without addition of water on the membrane. During the ultrafiltration process through 
membranes with an exclusion limit of 200,000, molecules with molecule weight greater than 200 000 will 
not pass, whereas smaller molecules will pass through the membrane along with the water. During the 
so filtration process no water is added in the compartment above the membrane; therefore, the volume in this 
onJ?£« n rtment u Wl11 decrease ' a,on 9 w, to an increase in the concentration of molecules with M.W. over 
Z00,000. It is then ultrafiltered until the volume on the membrane is reduced to 10% of the initial volume 
Two volumes of pyrogen free bidistilled water are added and the solution is again ultrafilitered until the 
volume is reduced to one-third. The operation is repeated another two times. 
55 The solution which passes through the membrane is brought to 1.0M with sodium chloride and then 

precipitated with four volumes of ethanol at 95%. The precipitate is washed three times with 75% ethanol 
and then vacuum dried. 

* T™ P ™ dUCt thUS obtained (HYALASTINE fraction) has an average molecular weight betw en 50,000 

a no luUfUuu* 

eo The hyaluronic acid yield is qua! to 0.4% of the original fresh tissue. 

Example 3 

Method of obtaining HYALECTIN fraction: 

The cone ntrated solution, gathered into a container from the ultrafiltrati n membrane with a 
65 molecular exclusion limit of 200,000 described in Example 2, is diluted with wat r until a solution 
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containing 5 mg/ml of hyaluronic acid is obtained, as determined by quantitative analysis based upon an 
assay of glucuronic acid. 

The solution is brought to 0.1 M in sodium chloride and then precipitated with 4 volumes of 95% 
ethanol. The precipitate is washed three times with 75% ethanol and then vacuum dried. 
* m Ion n P nn d ^ thUS obtained (HYALECTIN fraction) has an average molecular weight between 500,000 
o c!!' J* s corresponds to a specific hyaluronic acid fraction of defined molecular chain length of 
about 2,500 and 3,500 saccharide units with a high degree of purity. 

The hyaluronic acid yield is equal to 0.2% of the original fresh tissue. 

Evaluation Of Biological And Pharmaceutical Activity 
1. Biological activity of cellular mobilization of the hyaluronic acid fractions: 

The method, consisting of the determination of the detachment activity of fibroblasts in culture was 
used as the method for evaluating the cell mobilization activity of the HA fractions. 

Mouse BALB 3T3 cells were grown in Dulbecco's modified Eagle medium supplemented with 10% calf 
serum, penicillin (250 units/ml) and streptomycin (0.25 mg/ml), and were incubated in humidified 5% CO z , 
yt>/o air at 37 C. For experimental purposes, cells were routinely inoculated in 60-mm diameter plastic 
tissue culture dishes (6 x 10 s cells/dish). 

Confluent monolayers of 3T3 cells were decanted and fresh medium containing 2.0 mg/ml of different 
Tract IO ns of HA were added. At fixed intervals, the cell detachment was observed both microscopically and 
by counting the mobilized cells in a Coulter Counter. 

Detachment assay: 

To measure detachment kinetics, cells were inoculated into plastic dishes and allowed to grow for 24 
2hw ^ c th o! !! me ' the culture m edium was decanted and fresh medium containing 2.0 mg/ml of HA was 
aaaed Every 24 hours, two dishes, one each of test culture and of control culture, were decanted and both 
the cells in the supernatant an the attached cells were counted in a Coulter Counter. 

Table 3 reports the results obtained with tests using the fractions obtained in the preparation Examples 



TABLE 3 



Fraction 


Results of Mobilization Studies 

Concentration No. of 

(mg/ml) Detached 
Cells as 
Compared to 
Controls 


% Effectiveness 
{ as compared to 
control ) 


Control 




2 x 10 6 




HYALECTIN 








+ 


2 


3.5 x 10 6 


75 


HYALASTINE 








HYALECTIN 


2 


2.1 x 10* 


5 


HYALASTINE 


2 


5 x 10 6 


150 



The data reported in Table 3 shows that the HYALASTINE fraction exhibits high cell mobilization 
activity making this fraction useful for wound healing applications. This cell mobilization activity of 
HYALASTINE will stimulate migration and pr liferation of new cells when a pharmaceutical preparation of 
the fraction is applied to a damage tissue area. 

The HYALECTIN fraction, on the other hand, exhibits very little cell mobilizatioon activity and would 
not, therefore, be useful for wound healing. HYALECTIN, however, because of its high av rage molecular 
weight and inherent viscosity, is useful for ocular and intraarticular injections, and the lack of appreciable 
cell mobilization activity is an important characteristic of the HYALECTIN fracti n making it especially 
useful for intraocular and intraarticular injections. 
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fcr B S?SSoT^ ?K tiV j ty / nd ,he h Vaiuronic acid fractions: 
utilized. eVa,Uat, ° n < the meth ° d of invasive cell count after intraocular administrati n in rabbits is 

Method 

u^Sth^ ^ Perfect vision, are 

and the inner eye is checked by ophtLTmoscooe If ^^ '"^^^o^ Processes at a macroscopic level 
may proceed. V °P nina,m oscope. If the ocular fundus is clearly visible and normal, the test 

^lltTo^^ ° f 3 ,6W dr ° PS ° f a sterile 

The test is carried out in Lrile coSons The TZlr 0 P h K tha,mo, °9' cal solution are also instilled, 
until it is possible to inject, through ™tS™*Sb^!2£Z* n ""T !° I™"" 9 by means of P ressure 
cavity, 100 ul of the solu ion usinc i a 26 G ?25?J from the »'rnbus, at the center of the vitreal 
antibiotic solution are instil?ed .n the treated ev andThf J " ,s „ taken as a control. Two drops of 

After 50-60 hours the test m 7nmS ^ a " ima,S are then housed in sin 9'e cages, 

the section of the an^^^^^ij^^^^ the same way as above for 
firstly, the aqueous humor (about 0.2 mM is aathere Z Z1 *"* mtravenous Ejection of Pentothal. Then, 
ocular globes are then enuc.eated freed W TaTio^nZnir" '"^ Syrin ? e With 3 26 G need,e - Th e 
paper, and incised and opened in Petri plated °Tenarltinn 9 th-, ^ ' W - S m Sa,me ' dried with bilbulous 
it with a sterile syringe {about 0 7 m» ThlXrE?,! h 8 . P3ft ° f the vitreous nu ™r and gathering 
M, of hya,uronidase (100 U Nr£|>^^ P°'vethy.ene test tubes and 50 

hours in order to render the solution less viscou™ " temperature of 37 ° c f °r about 3 

seriet 'S^SS^ES^^ VSZ££»~ T" *» '" 8 ^ Chamb - A 
number of leukocytes per mm 3 . calculat.ng the average values and expressing the result as the 

The test is considered positive when- 

2 a 6 I eS examin f d show "o signs of suffering, and 
and tietera^ eyes does not exceed 200 per mm 3 

Table 4 reports the r^iit* nht=u,IZi 7 ... contro1 eye does not exceed 50 per mm 3 
Examples 1-3 discussed above ™ * S eVallJat, '° n USing the HA f ractions obtiir-d in preparation 

TABLE 4 

Results of Infla mmatory Activity Studies 

Fraction - ^ 

" No. of Invasive Cells 



Control 

25 

HYALASTINE + HYALECTIN 
HYALASTINE 
HYALECTIN 



Inflammatory Fraction 
50 (Avg. MW of 30,000) 



32 
20 
22 

150 



Total Hyaluronic Acid from 
Rooster Combs (RF. Swann D. A. 
55 1968, B.B.A. 156, 17-29) 120 



60 



65 



™£™£^^™£ t ll^o r \£Z,?'? ,h „M! VALA r iNE and "LECTIN faction, exhibit no 
showed on°7a T KlbTe SJSSn ' h, . combi "? d HYALASTINE ,M HYALECTIN Ireetioh 

£erT±r?lS 
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cn nl haS ^ U rt S ^ en Sh ° wn that the HYA >^STINE fraction having an average molecular weight of about 
50,000 to 100,000 exhibits high cell mobilization activity and is, therefore, useful in wound healing 
applications without exhibiting undesirable inflammatory reactions. The HYALECTIN fraction, having an 
average molecular weight of about 500,000 to 730,000, has been shown to be useful for ocular and 
intraarticular injection due to its high molecular weight and inherent viscosity, and, at the same time does 
not stimulate cell mobilization activity or inflammatory reactions which are undesirable side effects to be 
avoided in these pharmaceutical applications. 

More specifically, a HYALASTINE fraction has been found to be useful as a wound healing preparation 
because of the following characteristics. 

1. The preparation promotes a remarkably shortened healing time, as compared to conventional 
therapy, with rapid clearing of the affected area, regularization of ulcer edges, vigorous development of 
granulation tissue, activation of cellular migration of macrophages and fibroblasts and early epithelization. 

2. The preparation promotes increased amenability to reconstructive surgery in the more severe cases. 

3. The absence of keloid or retracting scar formation, with final reshaping of cicatricial tissue yielding 
good cosmetic and functional results. 

The HYALASTINE preparation has been found to be useful for the treatment of various wounds 
including decubitus sores (bed sores) trophic ulcers, burns, indolent wounds, post-traumatic ulcers, 
varicose and postphlebitic ulcers from venous blood stains, radionecroses, skin lesions, skin grafts and skin 
lesions due to herpes simplex. For these wound healing treatments, the HYALASTINE preparation, or the 
20 sodium salt thereof, can be administered in various methods, such as by gauze pads, cream, spray or 
ampoules for intrgdermal injectioon. For the topical applications as a cream or on a gauze pad, the 
HYALASTINE is preferably combined with an emulsifying agent, which absorbs the exudate from the 
exposed area while affording excellent diffusion of hyaluronic acid, and a water-dispersibie excipient so 
that the wound dressing is easily removed. 
25 The HYALECTIN fraction has been found to be particularly useful for the treatment of horses, 

particularly race horses, suffering from joint disorders and diseases caused by acute or chronic trauma, 
|J; ectlon s or repeated intraarticular corticosteroid injections. Specific examples of disorders treatable with 
HYALECTIN are osteoarthroses with or without inflammatory signs, acute or chronic synoritis, 
degenerative processes in articular cartilage, and dry joint disease. The most frequent symptoms of these 
30 disorders are generally pain, impaired joint function, and reduced joint flexion. The HYALECTIN fraction of 
the invention has been found to promote marked reduction of the healing time for such affected horses as 
compared with conventional therapy, to promote early and lasting improvement of joint function and to 
reduce pain and lameness. These clinically advantageous effects are believed to be promoted by a 
normalization of the viscoelasticity of the synovial fluid and by activation of tissue repair processes in the 
35 articular cartilages. 

Moreover, all the above advantageous effects are promoted by the HYALECTIN fraction in the absence 
of local and/or systemic toxic effects. Repeated administration of HYALECTIN produces no evidence of 
allergic reactions nor any adverse or lasting effects. 

4C Pharmaceutical Preparations 

The above disclosure has shown that the HYALASTINE and HYALECTIN fractions have good activity 
for pharmaceutical applications. The following examples are presented for exemplary purposes only to 
describe possible pharmaceutical preparations for actual in vivo administration of the HA fractions. 

45 
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A. 



Preparations for Wound Healing 



Example 1; 



Example 2; 



Example 3; 



Example 4 : 



Example 5: 



Example 6: 



ampoules for intradermal 
each ampoule contains: 
-Hyalastine sodium salt 
-Sodium Chloride 
-Water for injection 



injection - 

mg 
mg 

q.s.a. ml 



ampoules for intradermal injection - 
each ampoule contains: 
-Hyalastine potassium salt mQ 
-Sodium Chloride m * 
-Water for injection q.s.a. ml 



spray-bottle for topical application - 
each bottle contains: 

-Hyalastine sodium salt mo 
-Sodium Chloride m g 
-Water for injection q.s.a. ml 

spray-bottle for topical application - 
each bottle contains: 

-Hyalastine potassium salt mo 
-Mannitol {JJl 
-Water for injection q.s.a. ml 

cream for topical application - 
each tube of cream contains: 
-Hyalastine potassium salt 
-Polyethyleneglycol mono- 

stearate 400 
-Cetiol (decyl ester of 

oleic acid) 
-Lanette SX ( cetyl-stearyl 

alcohol + lauryl sulfate 9; 
-Glycerol 
-Sorbitol 

-Na-dehydroacetate 
-p-oxy me thy Iben z oa te 
-p-oxy propy 1 ben z oa t e 
-redistilled water q s a 



4 

16 
2 



5 
8 
1 



20 
80 
10 



30 
100 
10 



cream for topical application - 
each tube of cream contains: 
-Hyalastine sodium salt 
-Paraffin jelly 

-Polyethyleneglycol mono- 

stearate 400 
-Cetiol (decyl ester of oleic 

acid ) 

-Lanette SX (cetyl-stearyl 

alcohol + lauryl sulfate 9:1) 
-Glycerol 
-Sorbitol 

-Na-dehydroacetate 
-p-oxymethylbenzoate 
-p-oxypropylbenzoate 
-redistilled water q s a 



mg 25 

mg 1000 

mg 500 

mg 150 

mg 200 

mg 150 

mg 10 

"9 7.5 

mg 5 

9 10 



mg 
mg 



30 
3 



mg 1000 

mg 500 

mg 150 

mg 200 

mg 150 

mg 10 

mg 7.5 

mg 5 

g 10 
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Example 7: 



Example 8: 



medicated gauze pads for topical application 

eacn gauze-pad measuring 10x10 cm contains: 

-Hyalastine sodium salt mg 3 

-Glycerol g ^ 

-Polyethyleneglycol g 2 

-redistilled water q.s.a. g 3 

medicated gauze-pads for topical application 
each gauze-pad measuring 15x15 cm contains: 
-Hyalastine potassium salt mg 6 

-Paraffin jelly mg 0#5 

-Glycerol g 1 

-Polyethyleneglycol g 2 

-redistilled water q.s.a. g 3 



Example 9: 



dry powder for wound healing application - 
each gram of dry powder contains: 
-Hyalastine sodium salt 
-Manni tol 
-Glycine 

Preparations for Intraocular Use 



mg 

g 
g 



Example 10: 



Example 11 



1-ml vials - 
each vial contains: 
-Hyalectin sodium salt 
-Sodium Chloride 
-Monobasic sodium phosphate 
2H 2 0 

-Dibasic sodium phosphate 
12H 2 0 

-Water for injection q.s.a, 

5-ml vials - 

each vial contains: 

-Hyalectin potassium salt 

-Mannitol 

-Monobasic sodium phosphate 
2H 2 0 

-Dibasic sodium phosphate 
12H 2 0 

-water for injection q.s.a, 



Example 12: 



preloaded syringes - 
each syringe contains: 
-Hyalectin sodium salt 
-Sodium Chloride 
-Monobasic sodium phosphate 
2H 2 0 

-Dibasic sodium phosphate 
12H 2 0 

-Water for injection q.s.a, 
Preparations for Intra-Articular Use 



mg 
mg 

mg 

mg 
ml 



mg 
mg 

mg 

mg 
ml 



mg 
mg 

mg 

mg 
ml 



Example 13: 



2-ml vials - 
each vial contains: 
-Hyalectin sodium salt 
-Sodium Chloride 
-Water for injection 



q.s.a, 



mg 
mg 
ml 



10 
0.75 
0*24 



10 
8 

0.25 

3 
1 



60 
50 

1.25 



15 
5 



40 

16 



0.8 

8.16 
2 



40 
16 
2 
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Example 14: 4-ml vials - 

each vial contains: 
-Hyalectin potassium salt 
-Mannitol 
-Glycine 

-Water for Injection 



Example 15: preloaded syringes - 

each syringe contains: 
-Hyalectin sodium salt 
-Sodium Chloride 
-Mannitol 



2H 2 0 pnospnat 

~12H20 iC SOdium Phosphate 
-Water for injection 



mg 


60 


mg 


* 35 


mg 


10 


g. s . a . ml 


4 


mg 


25 


mg 


12 


mg 

* 


10 


mg 


0.5 


mg 


6 


q.s.a. ml 


2 



fractions discovered by the invars of th f P ^ d b Y Comb,n,n 9 the HY ALASTINE and HYALECTIN 
Pharmaceutically acceptable car rieraSnS or LdSSlTn °I S ° diUm Sa ' tS thereof ' with other 
part,cular use for the formulation. a " UentS ' ° r exc| P'*nts and at various dosages depending upon the 

For wound healing uses, the preparation of th« hvai actimc t 
areas m one of the dosage forms discussed i^thaTl^i »™ " aPP ' ied tD the affected skin 
dry powder or as an intradermal injection 6am ' a sprav ' on a 9auze-pad, as a 

In an additional study, the caoaci^ and ^ !L° Pleaded syringe as described above, 
has been investigated, JpSS ^ as a vehicle for various molecules 

and compatibility (i.e., absence of wnsft^on Dhlnimfni "^ drU0B ' 9 uaranteein 9 perfect tolerability 
considered of particular interest ^s an o^ 

glycosaminoglycan present in various connective ^tissues a nri h^ m'"^"?* 1 Piously, HA is a 
and ,n particular the vitreous humor) wh™ because o it^h- 9 '. 'J?""* such as tha synovial fluid 
visco-elastic characteristics, it plays a «^,^„d^I« • ch 1 em ' cal and P^ical nature and its striking 

Thus, a study was conducted I tc InwISaSlh. S ~ 6 ° f ' undamental importance, 
particularly the hyalastine andtSaSl^n^H^^ 0 " 9 ^" 0 different molecular weights, 
different pharmaceutical forms sue? « cXium Sef 22T •° f *? Mm- / f ° r the pre P arati ion ° f 
ophthalmic drugs of different types were stuS n ^'hI, ^ ^! ' 'u 88 '? ° r dry P owda 's. Therefore, 
use of this biological polymer its dffferem ^onJSi°v2S" b, ° ad Understandin 9 ° f < ha Potential 

"Va.uroVcTci^ containing 
a synergistic effect in combinatton JK 

activity or utility. nation with the veh.cled drugs, particularly with drugs having ophthalmi? 

f rugl^dCn?;^ In the rabbit eye with four ophthalmic 

factor (EGF) and an antibiotic •uchn^^^n. H ^ M -"' tTatB ' tr ' a ™inolone. epidermal growth 
miotic, anti-inflammatory, healing an ^3Sra.^^^ ,, °' kn ° Wn t0 have 

antibiotic streptomycin, vehicled in hyaluronic add s ve™ ^nnZI^ eva,uat,on of the activity of the 
used antibiotics in ocular infections ° mC ac,d ' 15 very 'mportant because it is one of the most widely 

SSoSi: tUdi6d the ex P e "-ents effected were as follows: 
induced inflammation in rabbS eye tr,amcmo,one ' vehlclad hyaluronic acid in the model of dextran- 
lesion' 0° rSit a c t oSa 0f P '' derm31 ^ ^ (EGF > vehic '* d "V a '-onic acid in a mod . of epithelial 
agar 4 p , a a t n e t s m,Cr0bia ' ' ""W" vehicled in hyaluronic acid against BaciHus sutt.lis 6633 in 
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/. Miotic Activity of Pilocarpine Nitrate Vehicied In Hyaluronic Acid 
Materials 

The following materials were used as excipients of pilocarpine for the various pilocarpine nitrate 
formulations: 

5 hyaluronic acid sodium salt, hyalastine fraction, (m.w., approximately 100,000), at a concentration of 

10 mg/ml and 20 mg/ml; 

hyaluronic acid sodium salt, hyalectin fraction (m.w. 500,000—730,000), at a concentration of 10 mq/ml 
and 20 mg/ml; 

5% polyvinyl alcohol as a comparative ophthalmic excipient. 
w Various 2% formulations (collyrium or gel) of pilocarpine nitrate were prepared and vehicied by adding 

the two different fractions of HA sodium salt at a concentration of 1 0 and 20 mg/ml. The following solutions 
were prepared: 

Formulation 1 — saline with pilocarpine nitrate (PiN0 3 ) (2%), used as reference. 
Formulation 2 — solution of PiN0 3 (2%) vehicied in 5% polyvinyl alcohol (used as reference). 
Formulation 3 — solution of PiN0 3 (2%) vehicied in hyalastine fraction sodium salt (10 mg/ml). 
Formulation 4 — solution of PiN0 3 (2%) vehicied in hyalastine fraction sodium salt (20 mg/ml) 
Formulation 5 — solution of PiN0 3 (2%) vehicied in hyalectin fraction sodium salt (10 mg/ml). 
Formulation 6 — solution of PiN0 3 (2%) vehicied in hyalectin fraction sodium salt (20 mg/ml). 

20 Method 

Albino New Zealand rabbits were used (2—2.5 kg). The formulation to be tested was instilled in one eye 
by microsyringe (10 I); the other eye served as a reference. The diameter of the pupil was measured in all 
cases at suitable time intervals. Each solution was tested on at least 8 rabbits. Each eye was treated not 
more than three times and a rest period of at least a week was observed between each treatment. 

25 

Parameters Measured 

The pupil diameters were measured at various intervals in order to determine the miotic activity curve 
in time. The following activity parameters were subsequently calculated from the miosis/time graphs: 
La* " maximum difference in pupil diameter between the treated eye and the reference. 
30 Peak time = time taken to reach l mM . 

Duration = time taken to restore basal conditions. Plateau = period of absolute miotic activity. 
AUC = area under miosis/time curve. 

Results 

35 The results of the tests are reported in Table 5. It can be seen from the data for the various parameters 

determined from the miotic activity time curve for all the solutions tested that the addition of hyaluronic 
acid to a 2% pilocarpine nitrate solution gives rise to an increase in miotic activity of the drug. In fact, the 
bioavailability of the drug may be as much as 2.7 times greater than that of the aqueous solution containing 
2% pilocarpine nitrate (Formulation 1). 

40 It should be noted that there is a statistically significant increase in activity when the hyalectin fraction 

of hyaluronic acid both at 10 and 20 mg/ml is used as a vehicle (Formulations 5—6), in contrast to the 
pilocarpine nitrate solution vehicied in polyvinyl alcohol (Formulation 2). 

The use of hyaluronic acid as a vehicle is particularly interesting because the miotic activity of 
pilocarpine nitrate lasts longer when it is vehicied with this substance. That is, for the hyaluronic acid 

45 containing formulations the time taken to restore pupil diameter to basal conditions is up to 190 minutes 
(Formulation 6) as compared to 110 minutes for pilocarpine in sale alone (Formulation 1). 

//. Anti-Inflammatory Activity Of Triamcinolone Vehicied in Hyaluronic Acid. 
Materials 
so The following were used: 

solution of hyaluronic acid sodium salt-hyalectin fraction, m.w. between 500,000 and 730,000, 10 mg/ 
ml in saline; 

solution of triamcinolone (10% in saline). 

55 Method 

The experiments were carried out on male New Zealand rabbits (average weight 1.6 kg). After an 
adaptation period of 5 days, intraocular inflammation was induced in the rabbits by intraocular injection of 
dextran (10%, 0.1 ml). The administration was effected in both eyes under local anaesthetic with 4% 
Novesina, ins rting the needle of the syringe by 4 mm in to the anterior chamber, at a distance f 2 mm 
eo from the iimbus of the cornea. The test was conducted on 10 animals. 
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Treatment 

day for 6 daTs TJ^ST. fol^™' ^ ri » ht 3nd ^ e * eS ' b * filiation of 3 drops 3 times a 

a solution of triamcinolone (10% in saline) in the left eye (LE)- 
right eyem?" hya,uronic acid sodium «'t. "valectin fraction (10 mg/m.) + triamcinolone (10%) in the 

Parameters 

•»e.ve™^^ 

gr.dIS„^rt »L h ^„'SS" eXPreS8 '"' MrmS •**»"• "-""S «'°"> 0 •» 3) Elated .o ,h. 
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Results 

inflammatS^X^ results as reported in Table 6 that administration of triamcinolone has an anti- 
chambT tZ infl™ a t ,nS and C3U f eS the disa PP eara "« of opacity (Tyndall effect) in the anterior 
nS2~iw? h ,nf,ammator Y Process which is evident from the 1st-3rd hour until the 3rd to 4th day 
the 6 th dLJ ^ On e th ea tH S T" a,m ° st normal condi «o"s ^e restored, with perfect limpidness of the eye bj 
2h tri-mrfn5« ^ " ' admm,strati on of hyaluronic acid sodium salt, hyalectin fraction, together 
Si cM ° e , redUC8S ! ntraocu,ar inflammation observed at the times discussed above relating to 
StTofrKmhf • tnamC,n0 u ne a '° ne - That is ' the P h, °9'' sti c Process in the iris and the opacity in the 
with otefab^' TIIS l ° ? decreased bv the 24th hour - wi ™ Progressive reduction at 48 hours and 
witn total absence of inflammatory reaction from the 4th day on. 

inject^o^deirtran^ 3 ^ eSsential,v no notab,e reaction s were observed after intraocular 

M hJ? U !: th 5 adm i ni f tration of triamcinolone, together with the hyaluronic acid fraction, resulted in 
enhanced activity of the drug as evidence by the more rapid recovery of the rabbit eye. 

///. Healing Activity of EGF Vehicled in Hyaluronic Acid 
Materials 

The following were used: 

Formulation A — EGF (Epidermal growth factor), dissolved in saline (0.5 mg/5 ml) 
20 dissolved in a Sne B m "** ^ a ^ roxmat ^ 100 ' 000 > 

Method 

artfr J^ e ex P eriments were carr 'ed out on male albino New Zealand rabbits (average weight 1.8 kg). The 
cond.t nnnoJT ?I * 6apXa ?° K ? ° f 5 days ' underw * n * epithelial lesion of the cornea in suitable 
r£S ? » anaesthetic with Novesina (4%). The lesion consisted of a monocular scarification of a 

crcular area in the optic zone effected by a concave glass cylinder <<p 3 mm) with a sharp edge. 

Treatment 

r^h.Ir? 6 anima,s were subdivided into groups, each group consisting of 5 animals, and subjected to 
pnarmacological treatment by conjunctival instillation as follows: 

Group Treatment 



25 



30 



35 



Group 1 (control) Saline 

Grou P 2 EGF solution (Formulation A) 

40 Group 3 Solution of hyaluronic acid sodium salt, hyalastine fraction, + EGF solution - 

combination of Formulation A + Formulation B at 1 :1 ratio to make Formulation C 

Treatment was effected on the right eye (RE) by conjunctival instillation of 2 drops every 8 hours for 3 total 
45 administrations. 

Parameters 

Healing of the corneal epithelium was evaluated by observation of the eye and photographic 
documentation w.th a slit lamp at various intervals after scarification: 0, 8 hours, 16 hours, 24 hours, 32 
so hours, 40 hours, and 48 hours. 

Results 

Ophthalmological examination 1 as reported in Table 7, revealed that in the controls (Group 1) 
« o?T. P ! tC ^ Ga mg was achieved < 5/5 animals) 48 hours after lesion. In the animals treated with EGF (Group 
55 2) the healing process was apparent as early as 24 hours after scarification with considerable efficacy (4/5 
animals). In the animals treated with the Formulation C comprising hyaluronic acid sodium salt, hyalasline 
Traction, + EGF (Group 3) the healing process was complete in all the animals (5/5) as early as 16 hours after 
scarification. 

These results show that utilization of the hyalastine hyaluronic acid fraction as a vehicle for EGF 
60 ennances the healing process by promoting more rapid effective healing of corneal lesions. 
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Table 7 

HEALING OF LESIONS IN THE CORNEAL EPITHELIUM 



10 



Group Treatment Hours after scarification 

0 8 16 24 48 



15 1 Saline 



+ 



+ 



+ + + + 

+ + . + + 

+ + + + 

20 + + + + 

2 EGF + + + 

(Formulation A) 

2S + + + 

+ + + 

+ + + + 

30 

+ + + 



35 



40 



45 



50 



3 Hyaluronic acid + 

+ EGF (Formula- - 
tion C) + 



+ + 
+ + 



= unhealed eye 
= healed eye 



Materials ActMty ° f Gentamicin ^ Vehicled in Hyaluronic Acid 

55 The following materials were used: 

Gentamicine dissolved in saline (50 mg/ml) 

Hyaluronic acid sodium salt, hyalectin fraction (2 mg/ml). 



Method 



60 



65 



of J? phlogosis was caused in b oth eyes of 1 1 rabbits by intraocular injection! of a titered susoension 

S^iTSS^^; <0 '\ m,K 10 thOSC r9bbitS Sh ° Wing SeptiC Pn»ogUis hyalu^ 
n Tbufflr^ gentam.cme was administered by instillation in the right eye and gentamicine 

beaun Vmmln^ . was . adm ' ni *tered in the left eye. The treatment (3 drops every 6 hour™ was 

Sfsapo aTeTThi 1^ mJeCt, ° n °V he infeCting agent and was contin ^ d uStll th^infeS had 
oisapp ared. The rabbits eyes were observed every day under a slit lamp. 
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Results 

Treatment with a combination of gentamicine with hyaluronic acid resulted in a faster disappearance 
ot the septic infection as compared to administration of the antibiotic alone. This conclusion is clear from 
the data presented in Table 8. 

Table 8 

EFFECT OF GENTAMICINE VEHICLED IN HYALURONIC ACID 
HYALECTINE FRACTION, ON INTRAOCULAR SEPTIC PHLOGOSIS 



Treatment 



Days from Start of Phlogosis 



Gentamicine + 
Buffer Saline 
Vehicle 



0.0 



Gentamicine + 
Hyaluronic Acid 
Hyalectine 
Fraction 0 . 0 



0.0 



0.0 



0.0 



9.0+ 



0.0 



0.0 



36.3 



27.2+ 72.7+ 100 



100 



100 



Values are expressed as percentages (number of eyes cured of 
phlogosis by the number of eyes treated). 

+ = Significant difference vs buffer vehicle (less than 0.05, 
Fisher exact T-Test) 

Additional samples, although not limitive, of ophthalmic drugs which can be vehicled with HA fractions 
according to the invention are as follows: 



antibiotics: 



hormones : 

anesthetics ( local ) : 
antiviral : 

anti- inflammatories: 



chloramphenicol 

neomycin 

aureomycin 

myxin and polymyxin 

bacitracin 

mycetins 

nandrolone and nandrolone sulfate 

henoxinate and the hydrochloride 
thereof 

i ododeoxyu r i d i ne 
iododeoxycytidine 

dexamethasone and the phosphate 
thereof 



vasopressors and 
vasocontrictors ; 



synephrine and neosynephrine 
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-lu^^JiXSfSd^S !in boSEr? 8 d, ' SC , U r? abOV6 ' h be that 
vehicle for ophthalmic drugs and pToves to "be ZV^ hya,ectin fra <*°"s> can be used as a 
biological actions. For example, SwVlZXaX^ **** ° f dmgs havin 9 differin 9 

allerg,c and anti-inflammatory ageSs such as tri.mS T"* SU u h " P ilocar P'ne nitrate, ant^ 
promoting agents for promoting hSSng Save tissuITuT^PrP ""h ^f"" 9 3nd Ce " P r °'*eration 
and gentamicine. whose miotic anti-inflammatoS heaHnn • an ' ,b ' otics such « streptomycin 

reported can al. be administered effectively Utilizing HA as a veil tale' m ' C r acti ^ respectively are 

weig^ ~°e n pe°« Actions with various mo.ecu.ar 

therefore, giving rise to sensitizatior^ I phenomena Com P atlble th. cornea, epithelium without. 

Pharmacologica, activity of suc^drugs. TheTe 

an" SSS !„" £ -^3^^ *• activity time of the drug; 

trm^ore a a,zr ion of the ph,ogTstic p-- ™° = ^ssiss 

cornea wTootio^^ «QR on superficia, lesions in the 

alone; and ** reaucnon in healing times as compared to recovery times with EGF 

^^S^SZ^W^i ° f , antibiotics ' ««* oemamicine. 
varied natures and actions S far thi E 'T 8 ' h * alur °™ a cid. as a vehicle for drugs with such 
ophthalmic drugs. f ° r the extra P°' a t'°n of ,ts potential as a vehicle for numerous other 

the forrn° SrliSi'eXlCm ^^0^2? ^""I^ ° f ° Phtha ' m,C d ' U9S Which ™V b. in 
hyalastine and hya.ectin. is thTonfy excipTem used: ' hva,u «>™ ™* in its different fractions, 

saline buffered with phosphate pH 7.6 M 10 m 9 



10ml 



a collyrium which may be used as "artificial*!^ 
hyaluronic ac.d sodium salt hyalectin fraction ' fining . 

saline buffered with phosphate pH 7.6 M 20 mg 



10 ml 



45, 



a gel containing EGF in which 100 g contain 
hya uronic acid sodium salt hyalastine fraction 

hyaluronic acid sodium salt hyalectin fraction 55 9 

t(jp 30 g 

twice distilled water 0.5 g 



23.5 g 



so a 100 mn ineort Example 4 



SvalumnJ?^ W w H pl,ocar P ine ni ™e containing? 
hyaluronic ac.d sodium salt hyalastine fraction 
pilocarpine nitrate 100 mg 



2 mg 



55 a oowder for™ w Example 5 



60 



65 



hyaluronic acid sodium salt hyalectin fraction 70 9 

streptomycin 28.5 g 

the hyalectin or hyalastine fractions or the ap ^ e K P ar ® d bv ^ om . b,n,n g th e hyaluronic fracti ns, particularly 

sodium salts thereof, ^o*eTcZVu gs MmJ^^^J™^ °' the P °' aSSium or 
the formulation. 9 ' ana 81 var,ous dosages depending upon the particular use for 

Hyaluronic acid, particular* in the substantia.* pure hya.ectin or hyalastine fractions, has. therefore. 
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been shown to be an effective vehicle or excipient for use in combination with various drugs having 
ophthalmic utility or activity. Pharmaceutical compositions containing the HA fractions as the drug vehicle 
becau *e the HA fractions exhibit a high level of tolerability to the eye and a high 
compatibility with the corneal epithelium. 9 

ac ti v Vt5 e of°noh?h^ ! ra ( Ctions V moreov e;, provides a means for actually enhancing the in vivo biological 
and imnl^il k ° ^T' The " S8 ° f the Particular hyalectin or hyalastine HA fractions is further useful 
^^sideTeactVns 686 ,raCt '° nS ' ^ administered in the d ° "« «h.b.« undesirable 

Claims for the Contracting States: DE GB IT NL SE 

^.hil^I^!? f ° r preparin ? a substantially pure, non-inflammatory, hyaluroriifeacid fraction comprising: 
subjecting starting material tissue to solvent extraction to produce a mixture containing hyaluronic acid, 
and subjecting the resulting mixture to molecular filtration to obtain a hyaluronic acid fraction having an 
average molecular weight of from 50,000 to 730,000. said fraction being substantially free of hyaluronic 
acid having a molecular weight of less than 30,000. Zf' y 

2. A process according to Claim 1, wherein the mixture of hyaluronic acid obtained from solvent 
extraction is subsequently subjected to enzymatic digestion. 

3. A process according to Claim 2, wherein the enrymatic digestion is conducted with papain 

i i pr ° cess according to Claim, 1, 2 or 3, wherein said mixture of hyaluronic acid is subjected to 
mo ecu ar filtration with a membrane having a molecular weight exclusion limit of 30.000 to exclude 
molecules having a molecular weight of greater than 30,000 and thereby retain on said membrane a first 
30 000° n ' C 3 fractlon which is substantially free of hyaluronic acid having a molecular weight less than 

^^$^&^%£SSSS 4 ' Wherei " S3id firSt hya,Ur ° niC 3dd fr8Ction has an avera 9 e ™ lecu,ar 
6. A process according to Claim 5, wherein said first hyaluronic acid fraction is subjected to further 
mo ecu ar ultra-filtration with a membrane having a molecular weight exclusion limit of 200.000 to exclude 
molecules having a molecular weight of greater than 200,000, continuing ultra-filtration until the volume of 
the mixture being subjected to ultra-filtration is reduced to 10% of the initial volume, and collecting the 
mixture which passes through the membrane to thereby obtain a second hyaluronic fraction product 
having an average molecular weight of from 50.000 to 100,000. 

.. 7 ' A P. roce ss according to Claim 5, comprising collecting the mixture retained on the membrane after 
tne ultra-filtration step with a membrane having a molecular weight exclusion limit of about 200,000 in 
fromSOO 000 fto 730 oSo" 0 " hVa ' Ur0niC 3Cid ,raction Product having an average molecular weight of 
8. A hyaluronic acid fraction having an average molecular weight of from 50,000 to 730.000 and being 
substantia ly free of hyaluronic acid having a molecular weight of less than 30.000. or the potassium or 
sodium salt thereof. 

,„ *1 * h Xt^ ro ,« iC 3C ! d fraction as claimed in Claim 8. having an average molecular weight of from 
250,000 to 350,000 or the potassium or sodium salt thereof. 

K n n ^'. A , h I a i U /«° niC u Cid faction as claimed in Claim 8. having an average molecular weight of from 
50,000 to 100,000 or the potassium or sodium salt thereof. 

c «« ««; A "Va'uronic acid fraction as claimed in Claim 8. having an average molecular weight of from about 
500,000 to about 730,000 or the potassium or sodium salt thereof. 

12. A pharmaceutical composition containing an effective wound healing amount of the hyaluronic 
acid fraction according to Claim 9, and at least one pharmaceutically acceptable carrier, excipient. or 

diluent. 

13. A pharmaceutical composition containing an effective wound healing amount of a hyaluronic acid 
traction according to Claim 10, and at least one pharmaceutically acceptable carrier, diluent, or excipient. 

14. A pharmaceutical composition containing an effective intraocular or intraarticular treatment 
amount of a hyaluronic acid fraction according to Claim 11, and at least one pharmaceutically acceptable 
carrier, excipient, or diluent. 

15. A pharmaceutical composition for ophthalmic administration comprising an effective amount of a 
drug having ophthalmic activity as an active ingredient and a pharmaceutically acceptable carrier, vehicle 
or diluent comprising a substantially pure fraction of hyaluronic acid as defined in claim 8, or a salt thereof. 

16. A pharmaceutical composition as claimed in Claim 15, wherein said hyaluronic acid fraction has an 
average molecular weight of from 50,000 to 100,000, from 250,000 to 350,000, or from 500,000 to 730,000, 
the said hyaluronic acid fraction being substantially free of hyaluronic acid having a molecular weiqht of 
less than 30,000. w 

17. A pharmaceutical composition as claimed in Claim 16, wherein said hyaluronic acid fracti n has an 
average molecular weight f from 500,000 to 730,000. 

18. A composition as claimed in Claim 15, 16 or 17, wherein said drug is selected from pilocarpine 
nitrate, triamcinolone, epidermal growth factor, streptomycin and gentamicine. 

19. A substantially pure, non-inflammatory hyaluronic acid fraction having an average weight f from 
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50,000 to 730,000, or the potassium or sodium thereof, for use as a medicament, the fraction being 
substantially free of hyaluronic acid having a molecular weight of less than 30,000. 

20. A substantially pure, non-inflammatory hyaluronic acid fraction having an average molecular 
weight of from 250,000 to 350,000, and being substantially free of hyaluronic acid having a molecular 

5 weight of less than 30,000, or the potassium or sodium salt thereof, for use as a medicament. 

21. A substantially pure, non-inflammatory hyaluronic acid fraction having an average molecular 
weight of from 50,000 to 100,000, and being substantially free of hyaluronic acid having a molecular weight 
of less than 30,000, or the potassium or sodium salt thereof, for use as a medicament. 

22. A substantially pure, non-inflammatory hyaluronic acid fraction having an average molecular 
w weight of from 500,000 to 730,000, and being substantially free of hyaluronic acid having a molecular 

weight of less than 30,000, or the potassium or sodium salt thereof, for use in a medicament. 

23. A hyaluronic acid fraction as claimed in Claim 21, for use in the healing of tissue wounds. 

24. A hyaluronic acid fraction as claimed in Claim 22, for use in treating traumatic and degenerative 
diseases of the joints, and for improving joint function. 

is 25. A hyaluronic acid fraction as claimed in Claim 22, for use in intraocular treatment. 

26. A substantially pure fraction of hyaluronic acid as defined in claim 19, or a salt thereof for use in 
treating ophthalmic conditions, the said hyaluronic acid fraction acting as a vehicle for an ophthalmological 
drug. 

27. A hyaluronic acid fraction as claimed in Claim 26 having an average molecular weight of 50,000 to 
20 100,000, from 250,000 to 350,000, or from 500,000 to 730,000, and being substantially free of hyaluronic 

acid having a molecular weight of less than 30,000. 

28. A hyaluronic acid fraction as claimed in Claim 27 having an average molecular weight of 500,000 to 
730,000. 

25 Claims for the Contracting State: AT 

1. A process for preparing a substantially pure, non-inflammatory, hyaluronic acid fraction comprising: 
subjecting starting material tissue to solvent extraction to produce a mixture containing hyaluronic acid, 
and subjecting the resulting mixture to molecular filtration to obtain a hyaluronic acid fraction having an 

30 average molecular weight of from 50,000 to 730,000, said fraction being substantially free of hyaluronic 
acid having a molecular weight of less than 30,000. 

2. A process according to Claim 1, wherein the mixture of hyaluronic acid obtained from solvent 
extraction is subsequently subjected to enzymatic digestion. 

3. A process according to Claim 2, wherein the enzymatic digestion is conducted with papain. 

35 4. A process according to Claim, 1, 2 or 3, wherein said mixture of hyaluronic acid is subjected to 

molecular filtration with a membrane having a molecular weight exclusion limit of 30,000 to exclude 
molecules having a molecular weight of greater than 30,000 and thereby retain on said membrane a first 
hyaluronic acid fraction which is substantially free of hyaluronic acid having a molecular weight less than 
30,000. 

40 5. A process according to Claim 4, wherein said first hyaluronic acid fraction has an average molecular 

weight of from 250,000 to 350,000. 

6. A process according to Claim 5, wherein said first hyaluronic acid fraction is subjected to further 
molecular ultra-filtration with a membrane having a molecular weight exclusion limit of 200,000 to exclude 
molecules having a molecular weight of greater than 200,000, continuing ultra-filtration until the volume of 

45 the mixture being subjected to ultra-filtration is reduced to 10% of the initial volume, and collecting the 
mixture which passes through the membrane to thereby obtain a second hyaluronic fraction product 
having an average molecular weight of from 50,000 to 100,000. 

7. A process according to Claim 5, comprising collecting the mixture retained on the membrane after 
the ultra-filtration step with a membrane having a molecular weight exclusion limit of about 200,000 in 

so Claim 4, thereby obtaining a third hyaluronic acid fraction product having an average molecular weight of 
from 500,000 to 730,000. 

8. A process as claimed in any one of the preceding claims, wherein the hyaluronic acid fractions are in 
the form of the potassium or sodium salt thereof. 

9. A process as claimed in any one of the preceding claims, wherein the hyaluronic acid fractions or salt 
55 thereof is for use as a medicament. 

10. A process according to Claim 9, wherein the hyaluronic acid fraction is substantially pure and non- 
inflammatory and has an average molecular weight of from about 50,000 to about 730,000. 

11. A process according to Claim 9, wherein the hyaluronic acid fraction is substantially pure and non- 
inflammatory and has an average molecular weight of from about 250,000 to about 350,000. 

so 12. A process according to Claim 9, wherein the hyaluronic acid fraction is substantially pure and non- 

inflammatory and has an average molecular weight of from about 50,000 to about 100,000. 

13. A process according to Claim 9, wherein the hyaluronic acid fraction is substantially pure and non- 
inflammatory and has an averag molecular weight of from about 500,000 to about 730,000. 

14. A process according to Claim 12, wherein the hyaluronic acid fraction or salt thereof is for use in the 
65 healing of tissue wounds. 
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15. A process according to Claim 13, wherein the hyaluronic acid fraction or a salt thereof is for use in 
treating traumatic and degenerative diseases of the joints, and for improving joint function. 

16. A process according to Claim 13, wherein the hyaluronic acid fraction or a salt thereof is for use in 
intraocular treatment. 

17. A process according to anyone of Claims 1 to 8, wherein the hyaluronic acid fraction, or salt thereof 
is for use in treating ophthalmic conditions, the said hyaluronic acid fraction acting as a vehicle for an 
ophthalmological drug. 

18. A process for preparing a pharmaceutical composition, the method comprising the steps of 
providing an effective wound healing amount of the hyaluronic acid fraction which is prepared by the 
method according to Claim 5 and combining that fraction with at least one pharmaceutical^ acceptable 
carrier, excipient, or diluent. 

19. A process for preparing a pharmaceutical composition, the method comprising the steps of 
providing an effective wound healing amount of the hyaluronic acid fraction which is prepared by the 
method according to Claim 6 and combining that fraction with at least one pharmaceutically acceptable 
carrier, diluent, or excipient. 

20. A process for preparing a pharmaceutical composition, the method comprising the steps of 
providing an effective intraocular or intraarticular treatment amount of a hyaluronic acid fraction which is 
prepared by the method according to Claim 7 and combining that fraction with at least one 
pharmaceutically acceptable carrier, excipient, or diluent. 

21. A process for preparing a pharmaceutical composition for ophthalmic administration, the method 
comprising combining an effective amount of a drug having ophthalmic activity as an active ingredient and 
a pharmaceutically acceptable carrier, vehicle or diluent comprising a substantially pure fraction of 
hyaluronic acid as defined in claim 10, or a salt thereof. 

22. A process as claimed in Claim 21, wherein said hyaluronic acid fraction has an average molecular 
weight of from about 50,000 to about 100,000, from about 250,000 to about 350,000, or from about 500,000 
to 730,000, said hyaluronic acid fraction being substantially free of hyaluronic acid, or a salt thereof, having 
a molecular weight of less than 30,000. 

23. A process as claimed in Claim 21, wherein said hyaluronic acid fraction has an average molecular 
weight of from about 500,000 to about 730,000, said hyaluronic acid fraction being substantially free of 
hyaluronic acid, or a salt thereof, having a molecular weight of less than 30,000. 

24. A process as claimed in Claim 21, 22 or 23, wherein said drug is selected from pilocarpine nitrate, 
triamcinolone, epidermal growth factor, streptomycin and gentamicine. 

Patentanspruche fur die Vertragsstaaten: DE GB IT NL SE 

1. Verfahren zur Herstellung einer im wesentlichen reinen, keine Entzundungen hervorrufenden 
Hyaluronsaure-Fraktion, welches darin besteht, daG man das Ausgangsmaterial-Gewebe einer 
Losungsmittel-Extraktion unterwirft, urn ein Hyaluronsaure enthaltendes Gemisch zu produzieren, das 
resultierende Gemisch einer Molekulfiltration unterwirft, un eine Hyaluronsaure-Fraktion mit einem 
durchschnitthchen Molekulargewicht von 50 000 bis 730 000 zu erhalten, wobei diese Fraktion im 
wesentlichen frei ist von Hyaluronsaure mit einem Molekulargewicht von weniger als 30 000. 

2. Verfahren nach Anspruch 1, worin das aus der Losungsmittel-Extraktion erhaltene Gemisch von 
Hyaluronsaure anschliefiend enzymatischer Verdauung unterworfen wird. 

3. Verfahren nach Anspruch 2, worin die enzymatische Verdauung mit Papain durchgefuhrt wird. 

4 Verfahren nach Anspruch 1 oder 3, worin das Gemisch von Hyaluronsaure der Molekulfiltration mit 
einer Membran mit einer Molekulargewicht-AusschluBgrenze von 30 000 unterworfen wird, urn Molekule 
mit einem Molekulargewicht von mehr als 30 000 auszuschlieBen un dabei auf besagter Membran eine 
erste Hyaluronsaure-Fraktion zuruckzuhalten, die im wesentlichen frei von Hyaluronsaure mit einem 
Molekulargewicht von weniger als 30 000 ist. 

, 5 ,' y erfahf : en nacn Anspruch 4, worin diese erste Hyaluronsaure-Fraktion ein durchschnittliches 
Molekulargewicht von 250 000 bis 350 000 ist. 

ka i 6 L~i Ver ? ahren nach Anspruch 5, worin besagte erste Hyaluronsaure-Fraktion weiterer 
Molekulutrafiltration mit einer Membran mit einer Molekulargewicht-AusschluSgrenze von 200 000 
unterworfen wird, urn Molekule auszuschiieSen, die ein Molekulargewicht von mehr als i00 000 haben, 
wobei die Ultrafiltration fortgesetzt wird, bis das Volumen des Gemischs, das der Ultrafiltration 
unterworfen wird, auf 10% des Anfangsvolumens vermindert ist, und das Gemisch, das durch die 
Membran geht, gesammelt wird, urn dadurch ein zweites Hyaluronsaure-Fraktionsprodukt zu erhalten, das 
em durchschnittliches Molekulargewicht von 50 000 bis 100 000 hat. 

7 Vefahren nach Anspruch 5, umfass nd das Sammeln d s auf der Membran nach dem 
Ultrafiltrationsschntt mit einer Membran mit einer Molekulargewicht-Ausschlu&grenze von etwa 200 000 
im Anspruch 4 zuruckgehaltenen G mischs, wobei ein drittes Hyaluronsaure-Fraktionsprodukt erhalten 
wird, das ein durchschnittliches Molekulargewicht von 500 000 bis 730 000 hat. 

8. Hyaluronsaure-Fraktion mit einem durchschnittlichen Molekulargewicht von 50 000 bis 730 000, im 
wesentlichen fr i von Hyaluronsaure mit einem Molekulargewicht von weniger als 30 000, oder das 
Kaluim- oder Natriumsalz davon. 
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9. Hyaluronsaure-Fraktion nach Anspruch 8 mit einem durchschnittlichen Molekulargewicht von 
250 000 bis 350 000 oder das Kalium- oder Natriumsalz davon. 

^ 10. Hyaluronsaure-Fraktion nach Anspruch 8 mit einem durchschnittlichen Molekulargewicht von 
50 000 bis 100 000 oder das Kalium- oder Natriumsalz davon. 

5 11. Hyaluronsaure-Fraktion nach Anspruch 8 mit einem durchschnittlichen Molekulargewicht von etwa 

500 000 bis etwa 730 000 oder das Kalium- oder Natriumsalz davon. 

J- 2 * Pharmazeutische Zusammensetzung, die eine wirksame wundheilende Menge der Hyaluronsaure- 
Fraktion nach Anspruch 9 und wenigstens einen pharmazeutisch annehmbaren Trager, Exzipienten oder 
em Verdunnungsmittel enthalt. 

io 13. Pharazeutische Zusammensetzung, die eine wirksame wundheilende Menge einer Hyaluronsaure- 

Fraktion nach Anspruch 10 und wenigstens einen pharmazeutisch annehmbaren Trager, ein 
verdunnungsmittel oder einen Exzipienten enthalt. 

14. Pharmazeutisch Zusammensetzung, die eine intraokulare oder intraartikulare Behandlung 
wirksame Menge einer Hyaluronsaure-Fraktion nach Anspruch 11 und wenigstens einen pharmazeutisch 

15 annehmbaren Trager, Exzipienten oder ein Verdunnungsmittel enthalt. 

15. Pharmazeutische Zusammensetzung zur ophthalmischen Anwendung, umfassend eine wirksame 
Menge ernes Medikaments mit ophthalmischer Aktivitat als Wirkstoff und einen pharmazeutisch 
annehmbaren Trager, ein Vehikel oder Verdunnungsmittel, enthaltend eine im wesentlichen reine Fraktion 
von Hyaluronsaure, wie im Anspruch 8 definiert, oder ein Salz davon. 

20 1 6. Pharmazeutische Zusammensetung nach Anspruch 15, worin besagte Hyaluronsaure-Fraktion ein 

durchschnittliches Molekulargewicht von 50 000 bis 100 000 von 250 000 bis 350 000 oder von 500 000 bis 
730 000 hat und besagte Hyaluronsaure-Fraktion im wesentlichen frei ist von Hyaluronsaure mit einem 
Molekulargewicht von weniger als 30 000. 

17. Pharmazeutische Zusammensetzung nach Anspruch 16, worin besagte Hyaluronsaure-Fraktion ein 
25 durchschnittliches Molekulargewicht von 500 000 bis 730 000 hat. 

18. Zusammensetzung nach Anspruch 15, 16 oder 17, worin besagtes Medikament ausgewahlt wird 
aus Pilocarpin-nitrat, Triamcinolon, epidermalem Wachstumsfaktor, Streptomycin und Gentamicin. 

19. Im wesentlichen reine, keine Entziindungen hervorrufende Hyaluronsaure-Fraktion mit einem 
durchschnittlichen Molekulargewicht von 50 000 bis 730 000, oder das Kalium- oder Natriumsalz davon zur 

30 Verwendung als Medikament, wobei die Fraktion im wesentlichen frei ist von Hyaluronsaure mit einem 
Molekulargewicht von weniger als 30 000. 

20. Im wesentlichen reine, keine Entziindungen hervorrufende Hyaluronsaure-Fraktion mit einem 
durchsnittlichen Molekulargewicht von 250 000 bis 350 000, im wesentlichen frei von Hyaluronsaure mit 
einem Molekulargewicht von weniger als 30 000, oder das Kalium- oder Natriumsalz davon zur 

35 Verwendung als Medikament. 

21. Im wesentlichen reine, keine Entziindungen hervorrufende Hyaluronsaure-Fraktion mit einem 
durchschnittlichen Molekulargewicht von 50 000 bis 100 000, im wesentlichen frei von Hyaluronsaure mit 
einem Molekulargewicht von weniger als 30 000, oder das Kalium- oder Natriumsalz davon zur 
Verwendung als Medikament. 

40 22. Im wesentlichen reine, keine Entziindungen hervorrufende Hyaluronsaure-Fraktion mit einem 
durchschnittlichen Molekulargewicht von 500 000 bis 730 000, im wesentlichen frei von Hyaluronsaure mit 
einem Molekulargewicht von weniger als 30 000, oder das Kalium- oder Natriumsalz davon zur 
Verwendung als Medikament. 

23. Hyaluronsaure-Fraktion nach Anspruch 21 zur Verwendung beim Heilen von Gewebewunden. 

45 24. Hyaluronsaure-Fraktion nach Anspruch 22 zur Verwendung bei der Behandlung traumatischer und 

degenerativer Erkrankungen der Gelenke und zur Verbesserung der Gelenksfunktion. 

25. Hyaluronsaure-Fraktion nach Anspruch 22 zur Verwendung bei der intrakularen Behandlung. 

26. Im wesentlichen reine Fraktion von Hyaluronsaure, wie im Anspruch 19 definiert, oder ein Salz 
davon zur Verwendung bei der Behandlung ophthalmischer Zustande, wobei besagte Hyaluronsaure- 

50 Fraktion also Vehikel fur ein ophthalmologisches Medikament fungiert. 

27. Hyaluronsaure-Fraktion nach Anspruch 26 mit einem durchschnittlichen Molekulargewicht von 
50 000 bis 100 000, von 250 000 bis 350 000 oder von 500 000 bis 730 000, im wesentlichen frei von 
Hyaluronsaure mit einem Molekulargewicht von weniger als 30 000. 

28. Hyaluronsaure-Fraktion nach Anspruch 27 mit einem durchschnittlichen Molekulargewicht von 
55 500 000 bis 730 000. 



Patentanspruche fur den Vertragsstaat: AT 

1. Verfahren zur Herstellung einer im wesentlichen reinen, keine Entziindungen hervorrufenden 
Hyaluronsaure-Fraktion, welches darin b stent, dafi man das Ausgangsmaterial-Gewebe einer 
Losungsmittel-Extraktion unterwirft, um ein Hyaluronsaure enthaltendes Gemisch zu produzi ren, das 
resultierende Gemisch einer Molekulfiltration unterwirft, un eine Hyaluronsaure-Fraktion mit einem 
durchschnittlichen Molekulargewicht von 50 000 bis 730 000 zu erhalt n, wobei diese Fraktion im 
wesentlichen frei ist von Hyaluronsaure mit einem Molekulargewicht von weniger als 30 000. 

2. Verfahren nach Anspruch 1, worin das aus der Losungsmittel-Extraktion erhaltene Gemisch von 
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Hyaluronsaure anschlieSend enzymatischer Verdauung unterworfen wird. 

^' w 6 ^ a l! ren naCh Ans P ruch 2 ' worin die enzymatische Verdauung mit Papain durchgefuhrt wird. 
• VY 6 1 60 na ° h Ans P rucn 1 oder 3 ' worin da s Gemisch von Hyaluronsaure der Molekulfiltration mit 
einer Membran mit einer Molekulargewicht-Ausschlufcgrenze von 30 000 unterworfen wird, urn Molekule 
mit einem Molekulargewicht von mehr als 30 000 auszuschlieBen und dabei auf besagter Membran eine 
erste Hyaluronsaure-Fraktion zuruckzuhalten, die im wesentlichen frei von Hyaluronsaure mit einem 
Molekulargewicht von weniger als 30 000 ist. 

5. Verfahren nach Anspruch 4, worin diese erste Hyaluronsaure-Fraktion ein durchschnittliches 
Molekulargewicht von 250 000 bis 350 000 hat. 

ka . 6 il». Ver t? hren nach Anspruch 5, worin besagte erste Hyaluronsaure-Fraktion weiterer 
Molekulutrafiltration mit einer Membran mit einer Molekulargewicht-AusschlufJgrenze von 200 000 
unterworfen wird, urn Molekule auszuschlieSen, die ein Molekulargewicht von mehr als 200 000 haben 
wobei die Ultrafiltration fortgesetzt wird, bis das Volumen des Gemischs, das der Ultrafiltration 
unterworfen wird, auf 10% des Anfangsvolumens vermindert ist, und das Gemisch, das durch die 
Membran gent, gesammelt wird, urn dadurch ein zweites Hyaluronsaure-Fraktionsprodukt zu erhalten das 
em durchschnittliches Molekulargewicht von 50 000 bis 100 000 hat. 

7. Vefahren nach Anspruch 5, umfassend das Sammeln des auf der Membran nach dem Ultra- 
filtrationsschntt mit einer Membran mit einer Molekulargewicht-AusschluBgrenze von etwa 200 000 im 
Anspruch 4 zuriickgehaltenen Gemischs, wobei ein drittes Hyaluronsaure-Fraktionsprodukt erhalten wird 
das em durchschnittliches Molekulargewicht von 500 000 bis 730 000 hat. 

8. Verfahren nach einen der vorstehend genannten Anspruche, worin die Hyaluronsaure-Fraktionen in 
form des Kalium- oder Natriumsalzes davon vorliegen, 

9. Verfahren nach einem der vorstehend genannten Anspruche, worin die Hyaluronsaure-Fraktionen 
oder Salz davon als Medikament verwendet werden. 

10. Verfahren nach Anspruch 9, worin die Hyaluronsaure-Fraktion im wesentlichen rein ist und keine 
Entzundungen hervorruft und ein durchschnittliches Molekulargewicht von etwa 50 000 bis eta 730 000 hat. 

11. Verfahren nach Anspruch 9, worin die Hyaluronsaure-Fraktion im wesentlichen rein ist und keine 
Entzundungen hervorruft und ein durchschnittliches Molekulargewicht von etwa 250 000 bis etwa 350 000 
hat. 

12 Verfahren nach Anspruch 9, worin die Hyaluronsaure-Fraktion im wesentlichen rein ist und keine 
Entzundungen hervorruft un eine durchschnittliches Molekulargewicht von etwa 50 000 bis etwa 100 000 
hat. 

13. Verfahren nach Anspruch 9, worin die Hyaluronsaure-Fraktion im wesentlichen rein ist und keine 
Entzundungen hervorruft und ein durchschnittliches Molekulargewicht von etwa 500 000 bis etwa 730 000 
hat. 

14. Verfahren nach Anspruch 12, worin die Hyaluronsaure-Fraktion oder das Salz davon zur 
Verwendung bei der Heilung von Gewebewunden dient. 

15. Verfahren nach Anspruch 13, worin die Hyaluronsaure-Fraktion oder ein Salz davon zur Verwendung 
bei der Behandlung traumatischer und degenerativer Erkrankungen der Gelenke und zur Verbesserung der 
Gelenksfunktion dient. 

16. Verfahren nach Anspruch 13, worin die Hyaluronsaure-Fraktion oder ein Salz davon zur 
Verwendung bei der intraokuiaren Behandlung dient. 

17. Verfahren nach einem der Anspruche 1 bis 8, worin die Hyaluronsaure-Fraktion oder ein Salz davon 
der Behandlung ophthaimischer Zustande dient, wobei besagte Hyaluronsaure-Fraktion als Vehikei fur ein 
ophthaimologisches Medikament dient. 

18. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, wobei das Verfahren das 
Bereitstellen einer wirksamen wundheilenden Menge der Hyaluronsaure-Fraktion, die nach dem Verfahren 
von Anspruch 5 hergestellt wird, und das Vereinigen dieser Fraktion mit wenigstens einem pharmazeutisch 
annehmbaren Trager, Exzipienten oder Verdunnungsmittel umfaBt. 

19. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, wobei das Verfahren die 
Schntte Bereitstellen einer wirksamen wundheilenden Menge der Hyaluronsaure-Fraktion, die nach dem 
Verfahren nach Anspruch 6 hergestellt wird, und Vereinigen dieser Fraktion mit wenigstens einem 
pharmazeutisch annehmbaren Trager, Verdunnungsmittel oder Exzipienten umfaSt. 

20. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, wobei das Verfahren die 
Schritte Bereitstellen einer fur intraokulare oder intraartikulare Behandlung wirksamen Menge einer 
Hyaluronsaure-Fraktion, die nach dem Verfahren nach Anspruch 7 hergestellt wurde, und Vereinigen 
dieser Fraktion mit wenigstens einem pharmazeutisch annehmbaren Trager, Exzipienten oder 
Verdunnungsmittel umfa&t. 

21. Verfahren zur Herstellung ein r pharmazeutischen Zusammensetzung zur ophthalmischen 
Anwendung, welches Verfahren das Vereinigen einer wirksamen Menge eines Medikaments mit 
ophthaimischer Aktivitat als Wirkstoff und eines pharmazeutisch annehmbaren Tragers, Vehikels oder 
Verdunnungsmittels umfaBt, enthaltend eine im wesentlichen reine Fraktion v n Hyaluronsaure, wie im 
Anspruch 10 definiert, der ein Salz dav n. 

22. Verfahren nach Anspruch 21, worin die Hyaluronsaure-Fraktion ein durchshnittliches 
Molekulargewicht von etwa 50 000 bis etwa 100 000, von etwa 250 000 bis etwa 350 000 oder von etwa 
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24. Verfahren nach Ansoruch 21 % « * Moteku argevraht von weniger als 30 000. 
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17. Composition pharmaceutique selon la revendication 16 f dans laquelle ladite fraction d'acide 
hyaluronique a une masse moleculaire moyenne de 500 000 a 730 000. 

18. Composition selon la revendication 15, 16 ou 17, dans laquelle ladite substance medicamenteuse 
est choisie parmi le nitrate de pilocarpine, la triamcinolone, le facteur de croissance epidermique, la 
streptomycine et la gentamicine. 

19. Fraction d'acide hyaluronique non-inflammatoire, pratiquement pure, ayant une masse 
moleculaire moyenne de 50 000 a 730 000, ou son sel de potassium ou de sodium, pour utilisation comme 
medicament, la fraction etant pratiquement exempte d'acide hyaluronique ayant une masse moleculaire 
inferieure a 30 000. 

20. Fraction d'acide hyaluronique non-inflammatoire, pratiquement pure, ayant une masse 
moleculaire moyenne de 250 000 a 350 000, et pratiquement exempte d'acide hyaluronique ayant une 
masse moleculaire inferieure a 30 000, ou son sel de potassium ou de sodium, pour utilisation comme 
medicament. 

21. Fraction d'acide hyaluronique non-inflammatoire, pratiquement pure, ayant une masse 
moleculaire moyenne de 50 000 a 100 000, et pratiquement exempte d'acide hyaluronique ayant une masse 
moleculaire inferieure a 30 000, ou son sel de potassium ou de sodium, pour utilisation comme 
medicament. 

22. Fraction d'acide hyaluronique non-inflammatoire, pratiquement pure, ayant une masse 
moleculaire moyenne de 500 000 a 730 000, et pratiquement exempte d'acide hyaluronique ayant une 
masse moleculaire inferieure a 30 000, ou son sel de potassium ou de sodium, pour utilisation comme 
medicament. 

23. Fraction d'acide hyaluronique selon la revendication 1, pour la cicatrisation des tissus. 

24. Fraction d'acide hyaluronique selon la revendication 22, pour utilisation dans le traitement des 
lesions traumatiques et degeneratives de articulations, et pour ameiiorer le fonctionnement des 
articulations. 

25. Fraction d'acide hyaluronique selon la revendication 22, pour utilisation en traitement intra- 
ocutaire. 

26. Fraction pratiquement pure d'acide hyaluronique selon la revendication 19, ou Tune de ses sels, 
pour utilisation dans le traitement des conditions ophthalmiques, ladite fraction d'acide hyaluronique 
jouant le role d'un vehicule pour le medicament ophtalmologique. 

27. Fraction d'acide hyaluronique selon la revendication 26, ayant une masse moleculaire moyenne de 
50 000 a 100 000, de 250 000 a 350 000 ou de 500 000 a 730 000, et pratiquement exempte d'acide 
hyaluronique ayant une masse moleculaire inferieure a 30 000. 

28. Fraction d'acide hyaluronique selon la revendication 27, ayant une masse moleculaire moyenne de 
500 000 a 730 000. 

Revendications pour I'Etat contractant: AT 

1. Procede pour la preparation d'une fraction d'acide hyaluronique non-inflammatoire, pratiquement 
pure, consistent a soumettre un tissu servant de matiere premiere a une extraction aux solvants, pour 
produire un melange contenant de I'acide hyaluronique, et a soumettre le melange resultant a une filtration 
moleculaire pour obtenir une fraction d'acide hyaluronique ayant un masse moleculaire moyenne de 
50 000 a 730 000, ladite fraction etant pratiquement exempte d'acide hyaluronique ayant une masse 
moleculaire inferieure a 30 000. 

2. Procede selon la revendication 1, dans lequel le melange d'acide hyaluronique obtenu a partir de 
I'extraction aux solvants est ensuite soumis a une digestion enzymatique. 

3. Procede selon la revendication 2, dans lequel la digestion enzymatique est realisee avec de la 
papaine. 

4. Procede selon la revendication 1, 2 ou 3, dans lequel ledit melange d'acide hyaluronique est soumis 
a une filtration moleculaire avec une membrane ayant une limite d'exclusion de masse moleculaire de 
30 000, pour exclure les molecules ayant une masse moleculaire superieure a 30 000 et ainsi retenir sur 
ladite membrane une premiere fraction d'acide hyaluronique pratiquement exempte d'acide hyaluronique 
ayant une masse moleculaire inferieure a 30 000. 

5. Procede selon la revendication 4, dans lequel ladite premiere fraction d'acide hyaluronique a une 
masse moleculaire moyenne de 250 000 a 350 000. 

6. Procede selon la revendication 5, dans lequel ladite premiere fraction d'acide hyaluronique est 
soumise a une ultrafiltration moleculaire plus poussee avec une membrane ayant une limite d'exclusion de 
masse moleculaire de 200 000, pour exclure les molecules ayant une masse moleculaire superieure a 200 
000, a une ultrafiltration continue jusqu'd ce que le volume du melange soumis a ('ultrafiltration soit reduit 
£ 10% du volume initial, et collecte du melange qui traverse la membrane, pour obtenir un produit 
constitue d'une deuxieme fraction d'acide hyaluronique ayant une masse moleculaire m yenne de 50 000 a 
100 000. 

7. Procede selon la revendication 5, consistant a recueillir le melange retenu sur la membrane apres 
retape d'ultrafiltration a I'aide d'une membrane ayant une limite d'exclusion de masse moleculaire 
d'environ 200 000 dans la revendication 4, pour obtenir un troisieme produit constitue d'une fracti n 
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AVERAGE MOLECULAR WEIGHT OF HYALURONIC ACID 
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